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(54) AUTOMATIC BRAKE DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a braking profile suited to a 
human feeling when braking is applied to place a target distance from 
an obstacle ahead and set an identical speed. 
t d SOLUTION: An automatic brake device is provided with a profile 

computing means for computing a braking profile shown in the 
drawing, which has a distribution of a wheel braking level at required 
for a series of a relative distance xO between a vehicle and an 
obstacle ahead, its target value xf, a relative speed V0, a braking 
start delay time t,3 require for setting a relative distance 
corresponding to the target value V[ and relative acceleration ao 
equal to the target value Xf or higher and a relative speed equal to 
the target value vf or lower, a braking level increasing time tr, a fixed 
level holding time tc and a reducing time tf, and a means for 
controlling a wheel brake according to the braking profile. The wheel 
baking level at is set to one of amax/4. amax/2, 3amax and amax, and the total quantity of braking is 
adjusted by the holding time tc for maintaining at. 



* NOTICES * 



JPO and INPIT are not responsible for any 
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damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A relative distance as a following run state from a run state containing relative-distance x Q and 
relative velocity v Q of vehicles and an object of the front Desired value x f , A braking profile which becomes 
by distribution of a wheel braking level to a sequence of each time when relative velocity contains wheel 
braking level enhancement time t r required to consider it as desired value v f , constant level retention time t c , 
and reduction time % in this order, An automatic braking apparatus provided with profile calculating means; 
to calculate and braking control means; which controls a car catcher stage of said vehicles according to this 
braking PUROIRU. 

[Claim 2]The automatic braking apparatus according to claim 1 which said profile calculating means provides 
constant level a t provided in constant level retention time t c in one of two or more of the braking levels 
which classifies into several steps a braking level region in which automatic braking of said vehicles is 
possible, and sets each time length according to a defined braking level. 

[Claim 3]Said profile calculating means provides reduction time which returns a wheel braking level to zero 
from wheel braking level enhancement time raised to a peak value, and this peak value in a standard value, 
Relative velocity to consider it as desired value v f when a relative distance corresponding to said run state 
information serves as desired value x f Necessary, Compute the above-mentioned peak value and to said 
peak value in said two or more braking levels a braking level by the side of the latest and a low, It provides in 
wheel braking level a t of said constant level retention time t c , The automatic braking apparatus according to 
claim 2 which rises to this braking level a t , and computes ************ braking level enhancement time t r , 
reduction time t f , and constant level retention time t c . 

[Claim 4]The automatic braking apparatus according to claim 1, 2, or 3 containing braking delay period t d 
which does not add braking from a time of a braking profile calculating it to a start of said wheel braking level 
enhancement time t r on parenchyma. 

[Claim 5]Said profile calculating means to said wheel braking level enhancement time t r and reduction time tf. 
Wheel braking level a t of constant level retention time t c is computed by giving a value beforehand defined in 
order not to spoil **** of a crew member of said vehicles, When desired value x f of a relative distance and 
desired value v f of relative velocity are not obtained by computed wheel braking level a t , The automatic 
braking apparatus according to claim 1 which makes either [ at least] said wheel braking level enhancement 
time t r or reduction time t, a value from which desired value x f of a relative distance and desired value v f of 
relative velocity are obtained. 

[Claim 6]In effective wheel braking level a t , wheel braking level enhancement time t r , and reduction time ^ 

2 



JP 2000-108866 

which searched for said profile calculating means by claim 5, The automatic braking apparatus according to 
claim 5 which sets necessary constant level retention time t c as said braking profile making relative velocity 
into desired value v f when a relative distance serves as desired value x f . 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Although this invention in particular is not the intention which limits fault approach on 
the static object of a vehicle front, or the precedence vehicles (these are called an obstacle below) under 
run to this about automatic braking for evasion, on a car, it checks the front automatically, When the 
obstacle of the method of the travel lane kickback of self-vehicles is detected, it is related with automatic 
braking by a computer which performs automatic deceleration in automatic braking of a wheel brake so that 
a crew member's amenity may not be spoiled as much as possible but fault approach may be avoided as 
much as possible. 

[0002]This automatic braking is automatic-stay control which will make this object stop self-vehicles 
automatically by the time it carries out fault approach, when an obstacle is a static object. 
When it is the precedence vehicles which an obstacle is running, it is automatic deceleration control for 
avoiding fault approach on precedence vehicles. 

[0003] 

[Description of the Prior Art]The automatic braking apparatus indicated by JP,7-32995,A, It is supervised 
whether it judges whether a driver is in an operation improper state using a pulse sensor, and an obstacle is 
ahead with a front monitoring instrument, If a forward cardiac failure theory thing is detected when the 
driver is in the operation improper state, the possibility of a collision will be judged, if low [ when it is high, it 
is large, and ], target deceleration will be defined small, wheel-brake pressure is controlled so that vehicle 
deceleration agrees in this target deceleration, and this automatic deceleration is performed until vehicles 
stop. 

[0004]The automatic braking apparatus indicated by JP,9-2491 03,A, The acceleration for detecting the 
distance and relative velocity to a forward cardiac failure theory thing, holding uniformly the distance to a 
forward cardiac failure theory thing, and following it based on them. The desired value which added to it an 
amended part (specifically deceleration of a negative value) which deters the creeping travel by an 
automatic gear is computed by asking (concrete target for negative value, i.e., deceleration), and 
wheel-brake pressure is controlled so that vehicles acceleration (deceleration of a negative value) agrees in 
this desired value. 

[0005]There are some which are going to correct disorder or deviation from a travel lane of a body posture 
according to differential braking of a front and rear, right and left wheel brake other than what is going to 
slow down vehicles speed by these wheels braking in automatic braking. 

[0006]Vehicle System Dynamics Supplement 25 (1996), A warningand Intervention System to prevent 
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Road-Departure Accidents of pp.383-396, Photo the scene of a vehicle front with a television camera, and 
image processing detects a travel lane, Detection information empty vehicle both the actions of other 
sensors on vehicles are presumed, and when the deviation which is not meant from a travel lane is produced, 
the feedback control which makes a deviation amount a controlled variable and considers a control input as 
wheel-brake pressure distribution adjusts a vehicle traveling direction automatically in the direction which 
returns to a travel lane. 

[0007]Detection of the travel lane of a vehicle front and detection of rain width, a curve, front vehicles, etc. 
are indicated by JP,6-21 3660,A. The art which imitates a rain curve, carries out the steering of the 
television camera which photos a vehicle front scene to JP,9-96507,A, and pursues a forward travel lane is 
indicated. The braking steering which adjusts the posture or direction of movement of vehicles with the 
proportioning control of a wheel brake is indicated by JP,8-207737,A. by collecting such art, automatic 
braking for evasion of the fault approach to the above-mentioned fault approach and precedence vehicles 
to a static object and automatic braking for a vehicle traveling direction and body posture reform are 
realizable. 
[0008] 

[Problem(s) to be Solved by the InventionjBy a situation, although various brake forces (a strong brake 
force, a weak brake force) are needed, braking for the fault approach evasion to a front static object, and 
braking for avoiding fault approach on precedence vehicles, Since quick braking tends to give a crew 
member dysphoria and insecurity, the brake which fully suited human being's sensibility in automatic braking 
is needed. A crew member's comfortable sensibility is related to the differential value (variation speed) of 
the acceleration (a plus value and a negative value are deceleration) of vehicles, a rising direction — be 
a downward direction — be — if acceleration (a negative value, i.e., deceleration, is included) changes a lot, 
the mosquito of a direction of movement will be added to a crew member. Braking time will become long, if 
the obstacle ahead of a long distance is detected and braking of low deceleration is added, in order to avoid 
this. 

[0009]Therefore, when deceleration is raised in time not to spoil a crew member's **** to a necessary 
value (acceleration expression lowering), and deceleration is lowered in time not to spoil a crew member s 
**** and it returns to zero (with no automatic braking), As for vehicles, it is preferred to be before a forward 
cardiac failure theory thing, to determine the slowdown profile used as the speed of a forward cardiac failure 
theory thing and the same speed (when an obstacle is stillness, it is vehicle speed =0), and its start timing t d , 
and to carry out automatic braking according to the slowdown profile. 

[0010]An object of this invention is to have suited human being's feeling in automatic braking to which a 
brake is automatically applied in order to stop vehicles in a target position or to make them into a target 
speed. 
[0011] 

[Means for Solving the Problem]A relative distance as a following run state from a run state containing 
relative-distance x Q and relative velocity v Q of vehicles and an object of the front (1) Desired value x f , A 
braking profile which becomes by distribution of a wheel braking level to a sequence of each time when 
relative velocity contains wheel braking level enhancement time t r required to consider it as desired value v ff 
constant level retention time t c , and reduction time t f in this order, An automatic braking apparatus provided 
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with profile calculating means (10); and braking control means [ which controls a car catcher stage (30, 
51-54) of said vehicles according to this braking PUROIRU ] (10); to calculate. 
[0012]ln order to understand easily, in a parenthesis, numerals or a correspondence matter of a 
correspondence element of an example which is shown in a drawing and mentioned later was written in 
addition by reference. The following is also the same. 

[0013]As long as a run state (x c , v Q , a Q ) allows according to this, Wheel braking level a t of a terminal point of 
wheel braking level enhancement time t r and this enhancement time t r and reduction time which do not 
spoil a crew member's **** are defined, And braking time sufficient in constant level retention time t c which 
maintains wheel braking level a t for evasion of fault approach with an obstacle can be taken. What is 
necessary is for wheel braking level a t hung down also at a terminal point of a low value and this 
enhancement time t r to make a high price wheel braking level enhancement time t r , and just to make a 
climbing speed of a braking level quick, if the urgency of this braking is high. Weighting corresponding to a 
run state (x D , v Q , a G ) can be performed to a crew members amenity and each of fault approach evasion, and 
both balance can be aimed at. 
[0014] 

[Embodiment of the Invention](2) Said profile calculating means (10) constant level a t provided in constant 
level retention time t c , The braking level region in which automatic braking of said vehicles is possible (more 
than decelerating zero; in acceleration expression.) Below zero are provided in one of two or more of the 
braking levels (a max /4, a max /2, 3a max /4, a max ) classified into several steps, and each time length (t r , t c , t,) is set 
according to the defined braking level. 

[001 5] According to this, the car catcher stage (30, 51-54) of vehicles, It can control to each of two or more 
of said braking levels (a max /4, a max /2, 3a max /4, a max ), and a braking control algorithm or a controller for what is 
necessary to be just to provide a braking level in a desired value can be simplified. 

(3) Said profile calculating means (10), The reduction time (t f ) which returns a wheel braking level to zero 
from the wheel braking level enhancement time (t r ) raised to a peak value (a t ) and this peak value (a t ) is 
provided in a standard value (default value; t r =2sec, t^sec), . Corresponded to said run state information 
(x o , v D , a G ). Relative velocity to consider it as desired value v f (v f **0) when a relative distance serves as 
desired value x f (it is a distance-between-two-cars desired value corresponding to the travel speed when 
an obstacle is a static object and it is x f =3-m; precedence vehicles) Necessary, Compute the 
above-mentioned peak value (a t ) and The inside of two or more of said braking levels (a max /4, a max /2, 3a max /4, 
a max ), Braking level a t by the side of the latest and a low (acceleration expression high side) is provided in 
said peak value (a t ) at wheel braking level a t of said constant level retention time t c , It rises to this braking 
level a t , and ************ braking level enhancement time t r , reduction time tf, and constant level retention 
time t c are computed. 

[0016]. Compute based on the standard value (2 sec) of run state information (x D , v G , a c ) and enhancement 
time t r , and the standard value (4 sec) of reduction time t f . A wheel braking level peak value (a t ) agrees in 
one in two or more braking levels (a max /4, a max /2, 3a max /4, a max ), And if braking according to this profile or 
pattern is started from the time of computing this peak value, When the calculation result that relative 
velocity becomes before a desired value x f part obstacle below in desired value v f (v f **0) is obtained, fault 
approach evasion braking as predicted can be realized by providing constant level retention time t c in zero. 
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[0017]When relative velocity serves as desired value v f (v f **0), and a relative distance is larger than desired 
value x f (a relative distance has a margin), a part for time t d corresponding to it and a braking start can be 
delayed. When such delay t d is performed, a situation changes between delay (for example, an obstacle 
serves as absence), and the necessity for braking may be lost. If the target obstacle will become absence by 
the time it includes time delay t d in a braking profile and this time delay t d passes, by canceling automatic 
braking (braking profile) under setting out, automatic braking will not be started but the probability of 
performing automatic braking with low necessity will fall. 

[0018]The wheel braking level peak value (a t ) computed based on the standard value (2 sec) of run state 
information (x G , v 0 , a Q ) and enhancement time t r and the standard value (4 sec) of reduction time t f , Although 
it is the latest, one, for example, a max , in two or more braking levels (a max /4, a max /2, 3a max /4, a max ), When higher 
(low in acceleration expression) than it, a max is provided in braking level a t (desired value). In this setting out, 
since it becomes the shortage of braking rather than the case where a peak value is set up, the part and 
constant level retention time t c (value exceeding 0) it becomes insufficient this braking are defined. 
Supposing the car catcher stage (30, 51-54) of vehicles makes it possible to generate a 0.6 g (g: unit of 
gravitational acceleration) braking level and applies braking of about 0.6g, a crew member will be surprised if 
such braking is added automatically [ a crew member's feeling is bad and ]. 

[0019]By the way, if it is running, for example by h in 80 km /, a stillness obstacle is ahead [ 100 m ] and it 
is going to stop with automatic braking, in order to stop just before an obstacle, Braking whose peak value 
for 9.6 seconds (it is the makeup time up to 0.42g for 4.8 seconds, and is the ****** time from 0.42g to 0 for 
4.8 seconds) is 0.42g is needed. However, by according to this embodiment, rising to 0.3 g in enhancement 
time t r = 1 second, and maintaining for [ constant / level retention time t c = / 0.3g ] 6.5 seconds, and returning 
to 0 g in reduction time V= 1 second, The whole braking time is 8.5 seconds and can be similarly stopped just 
before an obstacle. Even if it uses the car catcher stage with low stop ability, the same braking as the case 
where stop ability is high is realizable. 

[0020]When stop ability is high (for example, 0.6g capability), this invention can be applied similarly. In that 
case, since the braking level region is large, the number of two or more braking levels (thing corresponding 
to the above-mentioned a max /4, a max /2, 3a max /4, and a max ) which classify this field into several steps is 
increased, Constant level retention time t c is introduced as much as possible, and peak level a t is lowered so 
that a driver's comfortable sensibility may not be spoiled for automatic braking of a high braking level (for 
example, level over 0.3 g) as much as possible. 

(4) A braking profile contains braking time delay t d which does not add braking from the time of calculating it 
to the start of said wheel braking level enhancement time t r on parenchyma. 

[0021]That according to this it is running, for example by 80 km/h, and an obstacle is ahead [ 105 m ] from 
the time of detecting, When the distance by after [ of time delay t d = ] 0.2 second (i.e., an obstacle) is 100 m, 
****, By starting automatic braking for 8.5 seconds (t = 1 second, a t =0.3g, t c = 6.5 seconds, and t^= 1 second), 
the whole braking time can be similarly stopped just before an obstacle. 

[0022]Such time delay t d , so that relative-distance x D when a forward cardiac failure theory thing is 
detected is long, It can be set as long time, for example, can be set as several seconds in x Q >=53m and 
v Q <=26 km/h, so that relative velocity v 0 is low ( drawing 9 ). Between time delay t d for several of these 
seconds, an obstacle (precedence vehicles) may serve as non detection (it is absence on a selM/ehicle 
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travel lane by rain change). Since braking will not be started if an obstacle is lost between time delay t d , the 
probability which starts idle automatic braking decreases. 

(5) Said profile calculating means (10) to said wheel braking level enhancement time t r and reduction time tf. 
Wheel braking level a t of constant level retention time t c is computed by giving the value (default value; 
t=2sec, t^sec) beforehand defined in order not to spoil **** of the crew member of said vehicles, When 
desired value x f of a relative distance and desired value v f of relative velocity are not obtained by computed 
wheel braking level a t , Let either [ at least ] said wheel braking level enhancement time t r or reduction time 
tf be a value from which desired value x f of a relative distance and desired value v f of relative velocity are 
obtained (drawing 3, subroutine 24 of drawing 5). 

(6) In effective wheel braking level a t , wheel braking level enhancement time t r , and reduction time tf which 
searched for said profile calculating means (10) above (5), Relative velocity to consider it as desired value v f 
(v f **0) when a relative distance serves as desired value x f (it is a distance-between-two-cars desired value 
corresponding to the travel speed when an obstacle is a static object and it is x f =3-m; precedence vehicles) 
Necessary, Constant level retention time t c is set as said braking profile (drawing 3, subroutine 26 of drawing 
6). 

(7) When said profile calculating means (10) is controlling the car catcher stage (30, 51-54) of said vehicles 
according to braking PUROIRU, The actual value between said vehicles and the object of the front 
authorizes whether it is in agreement with the point estimate computed according to said braking profile on 
parenchyma about at least 1 person of a relative distance (x D ), relative velocity (v Q ), and relative 
acceleration (a G ) (59 of drawing 3). Thereby, ** of braking PUROIRU under execution and no can be judged. 

(8) Said profile calculating means (10) newly calculates said braking profile there, when the actual value is as 
inharmonious as a point estimate (59 of drawing 3, 66-21-26). Thereby, braking PUROIRU is updated. 

(9) After said braking control means (10) makes relative velocity (v G ) real upward glance mark value v f (**0) 
by the braking control according to a braking profile, said profile calculating means (10), Calculation of a new 
braking profile is suspended until a crew member's operation (brake pedal treading in) is detected. If there is 
brake pedal application by a crew member, since braking by a crew member is expectable, automatic braking 
for fault approach evasion is unnecessary. 

[0023]Other purposes and features of this invention will become clear from explanation of the example of 

the following which referred to drawings. 

[0024] 

[Example]One example carried on one vehicles of this invention is shown in drawing I . The television 
camera 160 supported by the rolling mechanism 170 is connected to image-processing ECU140. The rolling 
mechanism 170 builds in the electric motor and reduction gears for rotation. 
The camera 160 has adhered to the output rotation shaft of reduction gears. 

The rolling mechanism 1 70 is supported by a frame and installed near the top center of the front window of 
vehicles in the car. 

The television camera 160 photos the scene of a vehicle front, and outputs a picture signal. 

[0025]When the road curves, a possibility of photoing the direction from which the camera separated from 
the road surface is high. Therefore, in this example, in support of the camera 160 by the rolling mechanism 
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170 by image-processing ECU140. Travel lane detection of a vehicle front, calculation of the curve radius R 
of a lane, rain width calculation, rain deviation amount (amount of bias) calculation of self-vehicles, 
detection of the method obstacle of the self-vehicle travel lane kickback, calculation of distance x Q to a 
forward cardiac failure theory thing, calculation of relative velocity v D with a forward cardiac failure theory 
thing. And the data which computes relative acceleration a c and expresses these computed value x c , v c , and 
a Q is written in the addressing data storing region to brake control ECU 10 of the memory for the DMA 
transfers inside image-processing ECU140. Brake control ECU10 (CPU) can use a DMA transfer at the time 
of necessary, and it can read the data of this field. When not detecting an obstacle, the steering of the 
camera 160 is carried out so that the visual field center of the camera 160 may be together put in the 
center of a lane. When an obstacle (for example, preceded vehicle) exists in a camera view, the steering of 
the camera 160 is carried out so that this obstacle may be put on a visual field center. 
[0026]The composition and the function of camera 160 and image-processing ECU 140 are similar to that by 
which the composition and the function about a steering of the camera 160 were indicated by said 
JP,9-96507,A again at said JP,6~21 3660,A. The left and the right white line which carry out image 
processing of the taken image of a camera, and divide a travel lane are detected, and the lateral distance XL 
of the vehicles antero-posterior axis of the center of breadth of a car and the left white line (detection line) 
and the lateral distance XR with the right white line (detection line) are computed. This treatment technique 
is indicated by said JP,6-21 3660,A. In this example, image-processing ECU140 computes the left-hand side 
deviation amount and right-hand side deviation amount of vehicles to a travel lane further. And let the large 
value be a rain deviation amount among the left and the right deviation amount. 

[0027]And this rain deviation amount and it that information which is any of left-hand side and right-hand 
side at the time of rain detected information validity, the rain curve radius R, obstacle detection existence, 
and obstacle ******. With the information showing distance (relative distance) x Q , relative velocity v Q with 
an obstacle, and relative acceleration a 0 to an obstacle. It writes in the addressing data storing region to 
cruise control ECU100 of the memory for the DMA transfers inside image-processing ECU140, and when 
travel lane detection is unsuccessful, "invalidity" is written in this field. 

[0028]Cruise control ECU100 (CPU) can use a DMA transfer at the time of necessary, and can read the 
data of this field. The main functions of cruise control ECU 100 are cruise control (constant-speed traveling 
control / distance-between-two-cars control) and rain deviation control, cruise control ECU 100 — these 
control — under execution ****** — irrespective of, when image-processing ECU 140 has detected the 
obstacle, The movement speed of an obstacle is computed from relative velocity v Q and a self-vehicle speed, 
when this movement speed is zero (an obstacle is a static object), a fixed value (3 m) is given to 
relative-distance desired value x f , and zero are given to relative velocity desired value v D . movement speed 
exceeds zero (an obstacle — a preceded vehicle — both) — it is — sometimes, Give the 
distance-between-two-cars value beforehand matched with movement speed to relative-distance desired 
value x f , and either constant-speed traveling control, distance-between-two-cars control or rain deviation 
control during execution, Zero will be given to relative velocity desired value v Q , if the value which becomes 
settled with the algorithm which performs the control is given to relative velocity desired value v Q and 
neither of the control is performed. 

[0029]And information which cruise control ECU100 read from image-processing ECU140 (at the time of 
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obstacle detection existence and obstacle ******.) Relative-distance x G , relative velocity v D , and relative 
acceleration a 0 , Relative-distance desired value x f and relative velocity desired value v 0 which were set up, 
And at the time of the existence of constant-speed traveling control, distance-between-two-cars control, 
or deviation control, and Tamotsu, wheel-brake operation information (directions) is written in the 
addressing data storing region to brake control ECU10 of the memory for the DMA transfers inside cruise 
control ECU 100. 

[0030]The wheel-brake liquid circuit 30 contains a brake pedal, a vacuum booster, and a brake master 
cylinder, With the source of the 1st brake pressure which generates the brake pressure corresponding to a 
driver s brake pedal treading in (treading strength), and the pump by which motorised is carried out. The 
electromagnetic valve for wheel-brake pressure operation which supplies selectively one side of the source 
of the 2nd brake pressure which generates the 2nd pressure, the 1st pressure, and the 2nd pressure to the 
wheel brakes 51-54, And it is indicated by said JP,8-207737,A including a pair of electromagnetic valve for 
a boost and electromagnetic valve for decompression with which it equipped each wheel brake each one 
pair. 

[0031]the wheels 51-54 of the last right, the front left, the back right, and the back left — each of the wheel 
speed sensors 41-44 detects each revolving speed, and the electrical signal (wheel speed signal) showing 
each wheel speed is given to brake control ECU10. brake switch SW45 which becomes close during treading 
in of a brake pedal — open (treading-in nothing : OFF of pedal)/ — closed (those of a pedal with treading in: 
one) — the electrical signal to express is given to brake control ECU 10. The yaw rate sensor YA detects 
the yaw rate of the body, the electrical signal showing the yaw rate (actual yaw rate) gamma is generated, 
and it gives brake control ECU10. The electrical signal with which front-wheel rudder sensor thetaF detects 
angle of rotation of a steering wheel, and front-wheel rudder angle thetaf is expressed is given to brake 
control ECU10. The rudder angle of a rear wheel gives the electrical signal with which rear wheel rudder 
sensor thetaR detects and rear wheel rudder angle thetar is expressed to brake control ECU10. The 
electrical signal with which torque sensor ST detects the steering torque Tr added to a front-wheel steering 
mechanism, and the steering torque Tr is expressed is given to brake control ECU10. The electrical signal 
with which an acceleration sensor (GX sensor) detects the body order acceleration gx (a positive value is 
vehicles acceleration in a narrow sense, and a negative value is vehicle deceleration), and order acceleration 
is expressed is given to brake control ECU 10. The electrical signal with which an acceleration sensor (GY 
sensor) detects the lateral acceleration gy of the body, and lateral acceleration is expressed is given to 
brake control ECU 10. 

[0032]Brake control ECU10 reads the information on these sensors, a switch, etc., And the addressing data 
storing region to brake control ECU10 of the memory for the DMA transfers of cruise control ECU100, 
above-mentioned various data (obstacle detection existence, relative-distance x G , relative velocity v OT 
relative acceleration a 0 , relative-distance desired value x f , and the relative velocity desired value v ) [ f 
and ] And in addition, it reads and "braky control management (5)", "vehicles automatic braking" (6), and a 
"direction compensation process" (7) are performed. 

[0033]In "braky control management (5)", a body drift amount and a body spin amount are presumed, The 
wheel brake which ****s wheel-brake pressure if it judges whether an excess-and-deficiency field has 
vehicles revolution based on the point estimate and is in an excess-and-deficiency field is determined, It is 
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included by the wheel-brake pressure proportioning control which supplies brake pressure to the 
determined wheel brake via the wheel-brake liquid circuit 30, and for this proportioning control. There are 
"B-STR control" for all the ring brakes and "2-BDC control" for a back 2 flower brake, There are two of the 
"B-STR-US" control for controlling the "B-STR-OS" control for controlling an exaggerated steer and 
understeer further in "B-STR control" for all the ring brakes. "ABS control" (antiskid control) and "TRC 
control" (traction control) are further included in "braky control management (5)." 

[0034]"Vehicles automatic braking (6)" performs automatic braking for the fault approach evasion to a 
forward cardiac failure theory thing, generates the braking profile shown in drawing 7, and performs 
automatic braking according to this. These contents are explained in detail later. 

[0035]"A direction compensation process (7)" computes the yaw rate desired value corresponding to the 
deviation amount of the self-vehicle to a self-vehicle travel lane which image-processing ECU 140 detected, 
and it performs a wheel-brake pressure proportioning control so that a actual vehicles yaw rate may agree 
in a desired value. **** which becomes insufficient [ the steering by braking force distribution control ], 
Steering directions are given to 4WS control ECU60, and closed instructions of a subthrottle are given to 
throttle control ECU80, the rear wheel steering actuator 70 performs an auxiliary steering, an engine 
subthrottle is closed with the throttle actuator 90, and an engine output is lowered. The contents of these 
control are shown to said JP,8~207737,A. 

[0036]The outline of the processing capability of brake control ECU10 is shown in drawing 2 . If operating 
voltage is added, brake control ECU 10 (CPU) will set an internal register, input/output port, and an internal 
timer as an initial state, and it will set the ON in ECU10, and an output interface as the input reading 
connection at the time of standby, and an output signal level (Step 1). In the following, into a parenthesis, 
the word of a step or a subroutine is omitted and only those numbers are described. 

[0037]Start timer Tb for defining a control processing cycle, and And (2), Processing from input reading (3) 
to "renewal of data of a DMA memory (8)" is performed, waiting (9) and while waiting, the state of the 
electric circuit in ECU 10 is checked for the time over of timer Tb, and the existence of (10) and 
abnormalities is judged (1 1). If it is normal and timer Tb carries out time over, timer Tc will be started and 
processing from (2) input reading (3) to "renewal of data of a DMA memory (8)" will be performed. In this 
way, if there are no abnormalities in the electric circuit in ECU 10, Steps 2-9 will be repeated a parenchyma 
top Tb cycle, and will be performed. 

[0038]lf the detecting signal of operation, the input of the display board 20 and the sensors 41-45, YA, 
thetaF, thetaR, ST, GX, and GY is read in input reading (3), The state information referred to by "braky 
control management (5)", "vehicles automatic braking" (6), and a "direction compensation process' (7) is 
read from cruise control ECU 100 by a DMA transfer (4). Namely, the data write field addressed to brake 
control ECU10 on the memory for the DMA transfers inside ECU100, Obstacle detection existence, 
relative-distance x 0 , relative velocity v Q , relative acceleration a D , relative-distance desired value x f , relative 
velocity desired value v f , and others are read by a DMA transfer. 

[0039]Next, "braky control management (5)" is performed. Although these contents are the same as that of 
the thing of the indication to said JP,8-207737,A, When performing wheel-brake pressure control of either 
"2-BDC control" and "B-STR control" in this example, If the direction invitation for amendment from 
ECU100 is received, based on the command value (a rain deviation amount, the curve radius R) from 
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ECU 100, target yaw rate yawO for braky steers will be computed, And the target yaw rate of the 
wheel-brake pressure proportioning control which ECU10 generated to "2-BDC control" and "B-STR 
control", Target yaw rate yawO part amendment (bias) is carried out for the braky steers to which cruise 
control ECU 100 pointed, and it opts for wheel-brake pressure distribution corresponding to the amended 
target yaw rate. Thereby, the braky steer which cruise control ECU100 means is performed by brake control 
ECU10. 

[0040]Next, "vehicles automatic braking (6)" is performed. Automatic braking of this is carried out for the 
fault approach evasion to an obstacle (the static object of the front on a self-vehicle travel lane, or the 
preceded vehicle under run). 
The outline of the algorithm is explained here. 

[0041]When obstacle detection existence data switches from those without an obstacle to those with an 
obstacle, the braking profile shown in drawing 7 t here is assumed, and it is relative-distance x G with the 
present obstacle. [m]Relative velocity v 0 [m/sec] And relative acceleration a Q It corresponds to [m/sec 2 ] and 
a relative distance (x Q ) is relative-distance desired value x f . [m]When becoming below, it is relative velocity 
(v Q ) Relative velocity desired value v f [m/sec] Braking level a t (it is a negative value and deceleration and a 
unit are g) by the brake pressure of the wheel brakes 51-54 required to carry out the following, time delay t d , 
enhancement time t r , retention time t c , and reduction time tf[ — all compute sec]. 

[0042]Although time delay t d does not generate a parenchyma top brake force to the wheel brakes 51-54, 
even if it performs impression of the brake pressure of a grade which performs the drive for play of a 
damper, It is brake-force impression holding time until a brake force starts at a wheel the impression of this 
time (braking profile calculation time; starting point t= 0 of the horizontal axis of drawing 7 ) to an effective 
brake force which is not given on parenchyma. Time for enhancement time t r to start a braking level from 0 
to a t =a 0 +a b , time for retention time t c to maintain a t , and reduction time tf are ************s from a t about 
a braking level 0. Zero may be time delay t d and retention time t c . 

[0043]It should rise from zero gently, a value should become large gradually, and saturation Perilla 
frutescens (L) Britton var. crispa (Thunb.) Decne. should be gently carried out near the peak value, and it 
should fall gently, a value should become small gradually, and the deceleration given to a crew member when 
applying braking should serve as a smooth slowdown profile which falls gently near the zero again. A 
possibility of spoiling a crew member's **** as that is right is low. Rising only not only in high deceleration, 
the deceleration changes (decelerating differential value) with a high falling speed give a crew member 
dysphoria. So, at this example, it is the next. As shown in [several 1], decelerating starting and ****** were 
made into the cos function. [Several 1] expresses the braking level (a unit is gravitational-acceleration g) on 
the braking profile shown in drawing 7 . 
[0044] 
[Equation 1] 
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[0045]The primary integration which integrates with a braking level (g) one by one from the horizontal-axis 
(time-axis) starting point (t= 0) expresses speed (speed which falls one by one by braking), and the 
integration, i.e., the secondary integration of a braking level (g), of primary integration (speed) expresses 
distance (mileage under braking). 

[0046]Since it brakes so that relative velocity may be set to v Q to desired value v f =0 when an obstacle is a 
static object, the relative-distance variation (d=x Q -x f ) under braking is what is called stopping distance. 
Since the distance between two cars matched with the travel speed is set as relative-distance desired 
value x f and it becomes the distance-between-two-cars control by braking set to relative velocity desired 
value v f =0 in the usual case when an obstacle is a preceded vehicle, In that case, the relative-distance 
variation (d=x 0 -x f ) under braking is the relative-distance variation under braking slowdown for doubling the 
self-vehicle vehicle speed with the vehicle speed of a preceded vehicle literally. 

[0047]To the secondary integral equation (formula showing the relative-distance variation d under braking) 
of the braking profile shown in drawing 7 , by execution of this braking profile. Conditions that relative 
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velocity is made into v D to v f while a relative distance changes by relative-distance variation d=x Q -x f are 
given, It is [ ****** and ] the next, respectively about each expression showing braking level peak value a t 
which specifies a braking profile, enhancement time t r , reduction time tf, and time delay t d . [Several 2] -What 
is shown in [several 5] is obtained. It is ****** about the expression showing retention time t c which gives 
relative velocity v G at the time of a braking start, and relative velocity v f at the time of the end of braking to 
the formula showing the primary integral equation (deceleration amount under braking) of the braking profile 
shown in drawing 7 , and specifies a braking profile at it, What is shown in [several 6] is obtained. 
[0048]Distance with a forward cardiac failure theory thing the braking profile shown in drawing 7 x n , From 
the time (braking profile calculation time) of relative velocity being v D and relative acceleration being a Q , 
impress a braking effort after time delay t d , and the starting is started, Make a braking level into peak value 
a t after enhancement time t r from this start, and maintain the braking level between retention time t c to peak 
value a t , and ****** of a braking effort is started from the time of retention time passing, From this ****** 
start, after reduction time t f , ****** and when a braking effort returns to zero by this, as for a relative 
distance, x f and relative velocity tend to make a braking effort v f at zero. 

Braking level peak value a t is influenced by other parameter t d [ which specifies a braking profile as the 
conditions (x Q , x f ), (v D v f ), and a Q which are given ], t r , t c , and V**. 

Although a detection value, x f , and v f are desired values (a fixed value or the value directed) and x D , v Q , and a c 
are values to which all are given, Time delay t d , enhancement time t r , retention time t c , and reduction time 
are the values which should be computed like peak value a t . 

[0049]That is, braking level a t which should be computed, time delay t d , enhancement time t r , retention time 
t c , and reduction time t^, respectively, It is a parameter which influences each other mutually, and each value 
cannot be computed uniquely at once, Calculation becomes complicated and calculation takes time, so that 
the repetition calculation which gives several sorts of concrete values hypothetically to each parameter, 
repeats calculation of each value, and calculates the value of each parameter which maintained balance on 
the whole is required and there are many numbers of parameters. In order to reduce the number of these 
parameters, Retention time t c is omitting in [several 2]. 
[0050] 
[Equation 2] 
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[0051]Namely, in order to compute necessary braking level a t In distance with a forward cardiac failure 
theory thing, the desired value of x Q ** [several 2] x f , The desired value of v Q ** impresses a braking effort 
after time delay t d from the time (braking profile calculation time) of v f and relative acceleration being a D , and 
relative velocity starts the starting, Make a braking level into peak value a t after enhancement time t r from 
this start, and ****** of a braking effort is immediately started from this point in time, Desired value x f and 
relative velocity shall compute braking level peak value a t from which a relative distance becomes zero with 
desired value v f (usual case v f =0) about a braking effort when a braking effort returns to zero by this, ****** 
and after reduction time from this ****** start. Therefore, if time delay t d , enhancement time t r , and 
reduction time % are given, braking level peak value a t can be obtained. So, in calculation (24 of drawing 3) of 
the first time of braking level a t at this example, a crew members **** is not spoiled to enhancement time 
t r and reduction time tf — it was comparatively alike and the large value (t=2 sec , 1^=4 sec ) is given as a default 
value (standard value). In order to make low a possibility of becoming a brake lag, the value (t d =0.2sec) small 
in comparison is given to time delay t d as a default value (standard value). 

[0052]When the urgency of fault approach evasion is high, when [ that relative-distance x 0 is short ] relative 
velocity v D is high, for example, Time delay t d , enhancement time t r , and reduction time are so short that it 
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is high according to urgency, and, as for braking level a t , it is preferred to avoid [ which makes it high and 
avoids fault approach evasion if possible ]. So, in this example, braking level a t computed based on the 
default value is checked, Time delay t d , enhancement time t r , and reduction time tf are shortened until it 
becomes being what (invalid value) separates from the effective range of a vehicles top brake system 
(30+51-54) with the value (effective value) of effective within the limits. When braking level a t does not 
serve as effective value as for permissible shortest time (preset value) in time delay t d <=t dmjn (= 0.2 sec), 
enhancement time t r , and reduction time tf, emergency braking is started immediately and an alarm is 
generated. 

[0053]When braking level a t of effective value is computed, retention time t c of a braking level can be added 
(using t c >0), and the part braking level a t can be lowered. For example, d= 100 m, v o =80 km/h, a o =0-m[ /] 
sec 2 , When it comes out and computes with a t =0.42g t d =0sec, t=4.8sec, t c =0sec, and t^.Ssec, As a t =0.3g, 
even if referred to as t d =0sec, t r =1sec, t c =6.5sec, and t^lsec, fault approach evasion is realized. Also when 
the maximum brake force of automatic braking is an automatic braking system of 0.3g, it becomes possible 
to realize the same automatic braking for fault approach evasion as the case where an automatic braking 
system with 0.42g or more of stop ability is used. 

[0054] Starting of deceleration and ****** are approximated with trigonometric functions or an exponential 
function other than a cos function, and the same braking profile can also be generated. In that case, even if 
expression differs, each value (a t , t d , t r , t c , and t^ of an equal value is computed on parenchyma. However, Q 
values each change with expression to adopt. 
[0055] 
[Equation 3] 
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[0057] 
[Equation 5] 
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[0058] 

[Equation 6] 

2 (v f -v Q ) -a t (t r +t f )-a 0 (2t d +t r ) 



[0059]ln addition to the shape of a braking profile, each value of enhancement time t r and reduction time tf 
has big influence on ** to a crew member, and displeasure. The variation speed (absolute value of a 
decelerating differential value) of the deceleration by braking is so large that each time is short, and 
displeasure becomes large. On the other hand, if each value of enhancement time t r and reduction time t, is 
lengthened in order to make this variation speed small, it will become deceleration insufficient for fault 
approach evasion. So, in this example, within the stop ability of a braking system (30+51-54), each value of 
enhancement time t r and reduction time t, is defined according to a run state (x c , v 0 , a c ) so that it may be as 
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much as possible compatible in fault approach evasion and a crew member's comfortable maintenance. 
[0060]The contents of "vehicles automatic braking (6)" are shown in drawing 3 . It is confirmed whether 
when it progresses to this, brake control ECU10 (CPU) has an obstacle (21). That is, it is confirmed whether 
there is any forward object used as the candidate for fault approach evasion. If there is it, it will confirm 
whether to be having already set up automatic braking for the fault approach evasion to it (the state which 
calculated the braking profile and has been set as automatic braking although braking is not started, i.e., the 
progress waiting state of time delay t d , ******) (22). That is, it is confirmed whether one (automatic braking 
under setting out) is written in register CP assigned to the internal memory of brake control ECU10. it is not 
under setting out — it is (the data of CP is 0) — (24) which writes one in register CP and sets up (23) 
braking level a t . 

[0061]These contents of "setting up a t (24)" are shown in drawing 5 . The register nvat for writing in the 
emergency braking important point information ("1") is cleared first here, and they are (71) and the above. 
According to [several 2], target deceleration, i.e., target braking level, a t (value equivalent to a b +a D on 
drawing 7 ) is computed (72). Here, since it is the calculation starting point, the default value (t r =2 sec , V=4 sec ) 
of a big value is given to t r and tf, and minimum t dmjn (= 0.2 sec) is given to t d . 
[0062]Next, as for brake control ECU 10, computed necessary braking level a t is effective value 
(deceleration below a preset value.). In acceleration value expression of a broad sense which makes a 
positive value acceleration and makes a negative value deceleration, it confirms whether to be the 
acceleration beyond a preset value (73). In order to use with effective value that it is an invalid value (big 
decelerating value exceeding a preset value) temporarily, t d , t r , and % are updated and described above to a 
small value one step. According to [several 2], target braking level a t is computed again and it is checked 
effective value for it (74-82). Repeat this until target braking level a t of effective value is obtained, but. If 
enhancement time t r or reduction time becomes lower limit t rmjn or less than t^ between them, It 
concludes that automatic braking for which fault approach evasion is comfortable and good is impossible to 
a crew member, and progresses to the "emergency braking" (57) which writes 1 which shows an emergency 
braking important point in the register nvat, and is shown in (83) and drawing 3 . if time delay t d becomes less 
than minimum value t dmjn (= 0.2 sec) — minimum value t dmin — compulsive setting out — carrying out (79, 80) 
— it does not progress to "emergency braking (57)." 

[0063] Lower limit t rmin , more than tf min , and target braking level a t will follow it "to set up t c " up (26), if both 
enhancement time t r and reduction time % become without effective value. [ of drawing 3 for defining 
retention time t c ] 

[0064]These contents of "setting up t c (26)" are shown in drawing 6 . The register nvtc for writing in the 
emergency braking important point information ("1") is cleared first here, and they are (91) and the above. 
Retention time t c is computed according to [several 6] (92). Here, the value set up by the processing so far 
is used for target braking level a t , time delay t d , enhancement time t r , and reduction time t f . 
Relative-distance x D , relative velocity v G , and relative acceleration a Q are the values read from cruise control 
ECU 100 at Step 4. 

[0065] Retention time t c which computed brake control ECU 10 next confirms whether to be effective value, 
i.e., zero or more values, (93). In order to use with effective value that it is an invalid value (negative value) 
temporarily, t d , t r , and % are updated and described above to a small value one step. According to [several 2], 
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target braking level a t is computed again and it is checked effective value for it (94-102). Repeat this until 
target braking level a t of effective value is obtained, but. If enhancement time t r or reduction time t f becomes 
lower limit t rmin or less than t^ between them, It concludes that automatic braking for which fault approach 
evasion is comfortable and good is impossible to a crew member, 1 which shows an emergency braking 
important point is written in the register nvtc (105), and it progresses to the "emergency braking" (57) 
shown in drawin g 3. if time delay t d becomes less than t dmin — t dmin forcible setting out — carrying out (79, 
80) — it does not progress to "emergency braking (57)." 

[0066]It describes above again that computed target braking level a t is effective value. Retention time t c is 
computed according to [several 6] (103). And it confirms whether computed retention time t c is effective 
value (104), and if it is an invalid value, processing below reduction (94, 95) of enhancement time t r and 
reduction time % will be performed. 

[0067]It progresses to Step 28 shown to drawing 4 t hat computed retention time t c is effective value, Target 
braking level a t confirms in any of the five next fields divided by coarse quantization level a max /4, a max /2, 
3a max /4, and a max it is (28-31). In this example, it is a max **-0.3g. 
[0068] 

The 1st field (low undermoderation degree field) : More than a max /4. The 2nd field. (Undermoderation degree 
field) . : a max / less than [ 4 ], and [ more than a max /2 ], The 3rd field (inside decelerating field) :a max / less than 
[ 2 ] and [ more than 3a max /4 ], and the 4th field (high deceleration field) It is less than 5th field (high high 
deceleration field):a max :3a max / less than [ 4 ], and more than a max . 

[0069]In which field target braking level a t is means the necessity and urgency of automatic braking for fault 
approach evasion. In being in the 1st field, the necessity and urgency of automatic braking become high one 
by one as necessity and urgency are low and become the 2~5th fields and a decelerating field high one by 
one. 

1. When target braking level a t is in the 1st field : each value t d which brake control ECU 10 sets up retention 
time t c =0, and is held (32) and then, t r , and target braking level a t corresponding to % Each value t r which is 
computed according to [several 2] and is then held with (33) and computed target braking level a t , and time 
delay t d corresponding to tflt is confirmed whether computed according to [several 5] and target braking 
level a t moved to the 2nd field (34) and here (35), (39 which will carry out updating setting out of the target 
braking level a t 1st level a max /4 if it moves). And time delay t d corresponding to target braking level a t =a max /4 
is re-calculated (40). And retention time t c corresponding to these target braking level a t and time delay t d is 
computed by performing "setting up tc" (41; the contents are the same as drawing 6 ). Zero or more, 
moreover, if t r and % are more than a lower limit, computed retention time t c , Value t d which passed through 
Step 42, and was computed, set up or changed so far, t r , a t , t c , and % Determine it as a braking profile and 
(36), The decompression duty value of the wheel brake of a ******** sake is computed for deceleration as 
a function of time to zero between the boost duty value of the wheel brake for starting deceleration to 
a b =a t -a D between enhancement time t r , and reduction time tf, Although it sets up as a braky control input 
profile, a time limit value starts the timer of t d and the brake force of a wheel brake does not act on a 
parenchyma top wheel, the initial boost which plays in the direction of a brake action and carries out the 
part drive of the damper is started (37). 

[0070]With the check of Step 35, when the target braking levels at are a max / more than 4, Without changing 
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target braking level a t computed by the subroutine 33, Value t d which he followed to sub**-** 36, and was 
set up or computed so far, t r , a t , t c =0, and tf, Determine it as a braking profile and (36), The decompression 
duty value of the wheel brake of a ******** sake is computed for deceleration as a function of time to zero 
between the boost duty value of the wheel brake for starting deceleration to a b =a t -a D between enhancement 
time t r , and reduction time tf, It sets up as a braky control input profile, and a time limit value starts the timer 
of t d and starts an initial boost (37). 

[0071]When it is relative-distance variation d=x o -x f =100m which should be adjusted with braking, by the 
above processing braking level a t , Corresponding to relative velocity v D (correctly v 0 -v f ), it is set like the 
thick solid line shown in the field of a t >=a max /4 on drawing 8 . 

2. When target braking level a t is in the 2nd field : brake control ECU 10 sets target braking level a t as 2nd 
level a max /2 (43). And like the time of setting 1st level a max /4 as a t of above-mentioned 1., By re-calculating 
time delay t d and computing (40) and retention time t c , if t r and tf are moreover more than a lower limit zero 
or more, (41) and computed retention time t c , A braking profile is defined, (36) and a braky control input 
profile are set up, and a time limit value starts the timer of t d and starts an initial boost (37). 

3. When target braking level a t is in the 3rd field : brake control ECU10 sets target braking level a t as 3rd 
level 3a max /4 (44). And like the time of setting 1st level a max /4 as a t of above-mentioned 1., By re-calculating 
time delay t d and computing (40) and retention time t c , if t r and tf are moreover more than a lower limit zero 
or more, (41) and computed retention time t c , A braking profile is defined, (36) and a braky control input 
profile are set up, and a time limit value starts the timer of t d and starts an initial boost (37). 

4. When target braking level a t is in the 4th field : brake control ECU 10 sets target braking level a t as 4th 
level a max (45). And like the time of setting 1st level a max /4 as a t of above-mentioned 1., By re-calculating 
time delay t d and computing (40) and retention time t c , if t r and tf are moreover more than a lower limit zero 
or more, (41) and computed retention time t c , A braking profile is defined, (36) and a braky control input 
profile are set up, and a time limit value starts the timer of t d and starts an initial boost (37). 

5. When target braking level a t is in the 5th field : in this 5th field, in order to perform fault approach evasion 
effectively, need a big braking effort and the urgency of automatic braking is high. However, the stop ability 
set as automatic braking of a wheel brake system (30+51-54), A possibility that braking effective in fault 
approach evasion must be realized, and braking time will become long is high by making the most of less than 
abbreviated a max **-0.3g, and setting up retention time t c long in comparison. Then, minimum value t dmin is 
first given to time delay t d , record level a max is given to (46) target braking level a t , and (47) and other 
parameters give the value obtained in the process so far, Enhancement time t r is computed according to 
[several 3] (48). Next, it performs "setting up a t (54)" using each value defined so far, target braking level a t 
is computed again, and t r and tf are adjusted if needed. The contents of "setting up a t (54)" are the same as 
what is shown in drawing 5 . 

[0072]lt is confirmed whether it is more than record level a max (less than the stop ability of a wheel brake 
system) as target braking level a t obtained by this re-calculation is effective value (55, 56). By computing 
retention time t c as it is more than a tmax , zero or more, moreover, if t r and tf are more than a lower limit, (41) 
and computed retention time t c , The braking profile based on each value computed or set up so far is 
defined, (36) and a braky control input profile are set up, and a time limit value starts the timer of t d and 
starts an initial boost (37). Target braking level a t progresses to emergency braking (57: drawing 3), when an 
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invalid value, t r during a stage augmenti, or reduction period t f becomes in less than the lower limit. 
[0073]By the above processing, target braking level a t is set up like a solid line thick [ on drawing 8 ] in 
target braking level a t , when effective value, t r during a stage augmenti, and reduction period t f become more 
than the lower limit. 

[0074]target braking level a t — an invalid value — or, When t r during a stage augmenti or reduction period t f 
becomes in less than that lower limit and it progresses to emergency braking (57), this state, Since it is 
guessed that the fault approach evasion by automatic braking is impossible, in emergency braking (57), 
immediately, automatic braking of t = lower limit t rmjn during a stage augmenti and target braking level 
a t =a tmax ** is started, and the alarm to (57) and a crew member is generated (58). 

[0075]If automatic braking which the above-mentioned braky control input profile was set up, and the time 
limit value started the timer of t d , and started the initial boost (37) is carried out to regular automatic braking 
below, After starting regular automatic braking or emergency braking (57), it progresses to "vehicles 
automatic braking (6)" Tb cycle. Please refer to drawing 3 again. 

[0076]confirming whether a forward object continues first and brake control ECU10 exists, if it advances 
into "vehicles automatic braking (6)" — (21), if it exists, It confirms whether to be during execution of 
automatic braking (regular automatic braking or emergency braking) (the data of register CP is 1), and 
confirms that it is under (22) and execution, and whether to be during emergency braking (59). 
[0077]Since it is during regular automatic braking if it is not during emergency braking, it is confirmed 
whether the present relative acceleration a G agrees on parenchyma in target braking level a p of addressing 
to current time of the braking profile set up by the subroutine 36 (60). Compute relative velocity v p and 
relative-distance x p which should be brought about at current time when just-like-that execution of the 
braking profile set up by the subroutine 36 is being carried out, if it agrees on parenchyma, and (61), They 
(point estimate) confirm whether to agree on present value v 0 and x Q which image-processing ECU 140 
detected, and parenchyma (62, 63). That is, it is verified whether at Steps 60-63, automatic braking 
advanced as the braking-on parenchyma profile, and the slowdown of vehicles is realized to it. 
[0078]If just-like-that realization is carried out, the present relative velocity v Q (detection value of 
image-processing ECU140) will confirm whether to be whether to have agreed on parenchyma in target 
relative velocity v f (it became a terminal point of the braking profile) (64). If it judges whether there was any 
treading in of a brake pedal when it had agreed from the signal of the pedal switch 45 and there is pedal 
treading in about it, automatic braking will be canceled, an alarm will be called off and register CP will be 
cleared (67, 68). 

[0079]If the present relative velocity v G is not falling to target relative velocity v f , the braky control input of 
the wheel-brake liquid circuit 30 will be updated with "a profile output (65)" to the control input of 
addressing to current time set up at the subroutine 37. Wheel-brake pressure is fold (constant value 
maintenance) as there is a thing the object for a wheel-brake boost and for decompression in the 
electromagnetic valve for the wheel-brake pressure operation in the wheel-brake liquid circuit 30 and both 
electromagnetic valves are valve closing. 

[0080]Pressure-up speed becomes settled, the duty (valve opening time / 1 cycle time), i.e., the boost duty, 
of opening and closing which are pressure up as the electromagnetic valve for a boost is valve opening, and 
repeat it by making valve opening and valve closing into one cycle. In t r during a stage augmenti, a braky 
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control input is the boost duty corresponding to t r , a t , and the time within a period (t), according to this T the 
opening-and-closing drive of the electromagnetic valve for a boost is carried out, and, thereby, the 
decelerating rise of the shape of cos shown during the t r on drawing 7 appears in vehicles. 
[0081]Maintenance period t c is a period which carries out fold of the wheel-brake pressure, and both the 
electromagnetic valve for a boost and the electromagnetic valve for decompression are maintained by valve 
closing in the meantime. 

[0082]Decompression speed becomes settled, the duty (valve opening time / 1 cycle time), i.e., the 
decompression duty, of opening and closing which are pressure lowering as the electromagnetic valve for 
decompression is valve opening, and repeat it by making valve opening and valve closing into one cycle. In 
reduction period tf, a braky control input is the decompression duty corresponding to a t , tf, and the time 
within a period (t), according to this, the opening-and-closing drive of the electromagnetic valve for 
decompression is carried out, and, thereby, the decelerating fall of the shape of cos shown during the t f on 
drawing 7 appears in vehicles. 

[0083]"A profile output (65)" extracts the control input corresponding to current time in the braky control 
input profile corresponding to a braking profile (braky control input which makes time a parameter), and 
performs processing which considers it as the output which operates the increase of wheel-brake liquid 
circuit 30, and a decompression electromagnetic valve. 

[0084]If "emergency braking (57)" starts automatic braking of t d =0, t ~t rmin , and a t =a max and this is started, If 
it checks and treading in is not detected, whether it advanced into "vehicles automatic braking (6)" after 
that, it progressed to Steps 59-70C, and there was any treading in of a brake pedal, Unless relative velocity 
v c becomes parenchyma top v f , with "a profile output (65)" between t=t rmin , ****ing the wheel-brake 
pressure which starts deceleration to a max between t rmin> after progress of t =t rmjn makes wheel-brake 
pressure fold. If relative velocity v c becomes parenchyma top v f or there is treading in of a brake pedal, this 
automatic braking (emergency braking) will be canceled and an alarm will also be called off (70C/64-67-68). 
[0085]During automatic braking (regular automatic braking or emergency braking), if a forward object 
becomes nothing, through Steps 21 and 69, automatic braking will be canceled, an alarm will be called off 
(70A), and register CP will be cleared (70B). 

[0086]x o =53m, x f =3m, d=x o -x f =50m, and v D each value, a o =0, and v f =0 are given to the automatic-braking 
algorithm explained above, The result of having computed the braking profile of v D each value is shown in 
drawing 9. t d shown by an arrow on drawing 9 , t r , t c , and tf mean each time length in relative velocity v G =24 
km/h, and the value of braking level a t at that time is a value lower than a max /4. In each value of relative 
velocity v D on drawing 9 , the scattered painting-out field of the direction of a horizontal axis (time-axis) 
Enhancement time t r , In the white space before that (left-hand side), time delay t d and a black painting 
crushing field is [ the white space between reduction time t f , and enhancement time t r and reduction time tf ] 
retention time t c . 

[0087]In the example described above, it corresponds to relative-distance x Q , its desired value x f , relative 
velocity v D , its desired value v f , and relative acceleration a Q , Braking level a t , time delay t d , enhancement time 
t r , retention time t c , and reduction time t f are computed. In the 2nd example of this invention, as shown, for 
example in drawing 9 , those computed values are acquired beforehand, Store in the memory (database) and 
in calculation (processing corresponding to the above-mentioned steps 24-41) of a braking profile. The 
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braking profile data (a t , t d , t r , t c , and t,) corresponding to relative-distance x G , its desired value x f , relative 
velocity v D , its desired value v f1 and relative acceleration a 0 at that time. It reads from a database. 



[Translation done.] 
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^LT7 U - *EE*l S ilifty U - +)±E / 73 v -:iiiJ 

§ r2-BDc»j ttf&o. ±m?i<'-**ttmt 

rB-STRWj izteWlc, ^--rs^T-T^mU 

■?%>tc*bCO TB-STR-OSJ MM tT># -Xr7 
^r^TOf 5 fcJ6<D TB-STR-USJ W<D 2 Otffe 

So rxv- ^sjfPiaaj (5) tast, fa b ssj 

Ml (7'>f-X^-y KSJfflO fcitf l"T R Cftjfflj ( h 

[0034] ri|i(a5i'i»joi)!jj (6) it, m^vmic 

ttt zmmi&mmcorciib^&mmm&yte 3 1, <o7?& 

[0035] rTji^SiE^iij (7) (i, mwmv c 

ffi 3 - U - E if g Sffl fc S «fc -3 tc U - *E 

f7U ^^AM^+^fcftSfTJCtt, 4 WSIDJWE C U 6 
0lcX9-r<) ~y 'f^^Jt^TL, Sfc, Xn-y h;b$ij9PE 
CU8 0lC+)"7Xn-v h;Wli^#x.T, ^iXf 
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7 <) y^mtm 7 0 tT«SbXT-T 'J >?W£</\ X 
n-y h7PJBfSbS»9 0i:Tl>7>W7XD-y 

K«fR!¥8 -207737^$B(Cffi^ L fc t> (Of* i> 0 
[0 0 3 6] @2C, ^ U-**IJW E C U 1 0 ©fcLSttl 

U 1 0 (©CPU) rtSPU-SyX^, AtH^i^-h*3 
«fctfrt8B*-f^*fflJWtt«Kc»SU E C U l OrtO 

UrFfcfeVTfi, TAyarttckL X^-y ~f tip*)"? fo- 

[0 0 3 7] f LT, SJ»«SmW*S«>*fcii>0^'f 
VTb^X^-ELT (2) . XtlWm*) (3) 

rDMA^^UO-r'-^MffJ (8) STOffiJI^ff 
LT^^TbO^^At-^^ (9) , fifotl/ 1 
SRfl, ECU 1 OrtWWMHESWttffi^^x-y^LT 

do), M^o*ftf^r¥ij^-r§ (i i) o mntm 

20 £;X£-hLT (2) , ATj.ix^O (3) fr£ TDM A 
^^UOD^-^ltiifJ (8) £-Z<D$!m[%:'MJ?Z> 0 
< LT, ECU1 0rt««^[aIS&{cS^A^^. X-r 
772-9^ ^K±T b^WP»iSL*ff'r5o 
[0 0 3 8] ATJIMXD (3) tT, lit, St^tf-K 
2 0C0A73'5:?>n : ^-tr>-9-4 1 ~ 4 5, YA, 0 F, 0 
R, ST, GX, G YtD^HifS^SEjAtyt, r^U- 

(5) , r*iang»j$iji)!ij (e) fc«tr>" 

T75[R]«iE5aiiJ (7) {CT#88"r*tt«flHH*, DM 
A'K3MT\ 7;l/-X'!lfflE C U 1 0 0 fr5,&c&ty 
so (4) c -trjit)^, ECU 1 0 OOrtl'fPWDMA'KjMJIJ 
W^^:U±COs 7l'-3r$mV. C U 1 O^ETCO^'-^* 

Ilvf, *3j;t>\ ^-Offi^r, DMAlEiMT-SE^tfo 

[0039] r-xu-^ffiijpffiiu (5) %*ff-r 

i:iwnt7?fes*\ c<Dmfet!»JT*t±, r2-BDCWj 
fcitf r b - s 4' r sijfpj (Di/^-rn*^*$ftyu-^ff 

lliijffii^rtf ^ a tZ, E C U 1 0 0^6cO?3|nJWiIEfl1fi-;& 
40 ^tTV^i:. E C U 1 0 0fre>C0ffKHi'i (U"->J&)J£ 
M, *-7"¥-tlR) 5CS-5^T7'V- + X^Tffl©gg 
3-U- EyawO^HtBU ^O, r 2 - B D C f&lJfflJj 
feitf rB-S TRWJ ffltCECU 1 Oft^fiELfc* 

ME C U 1 0 0tfJgj^Lfc:ru-*X7 1 7'ffl<DgJI3- 
U-hyawO^MiE ('U7X) LT, MIELfcg^3 

titcoto, tii-xtofflE c u i o o^.aH-r^^L-— 

^Xr7A\ ru-^fflflPE CU 1 0 fC «fc oTA'ff^tl 

50 So 



(7) 



Wffl 2000-1 08866 



11 

[0 0 4 0] ri|iMl'li!jfliiJ!DJ]J (6) ^frtS. 

cmt, mm cri'i*/iifTU->±«iM^F<o#±*ix«: 

j£fr*<o$fcfrf*) k:»"r*a»iSlHl»<ofci&fi:g|(*JKi 

[004 1] Rwattuwat-r-***, mmvmisfrio 

■< /l^ffJtU mtE<D&mVB£(Dtttt8BMx a [m] , 
ffl'WjiJgvo [m/sec] fcefctfffiftfrn^Jgac [rn/sec 
2 ] fcJtiSbT, tlWSIiKtf. (xo) AmWSMt[|«?lfixf 10 
[m] l/Rc^i^c, timmiSi (vo) £fil*tii;Ji£ 
BWfilvf [m/sed WTfcTSfCjMRfc, Si'7"l/- 
+ 5 1 ~5 4 0^U-*EEtc«fcS»J»l^<;l/at (ftftf 

[0042] mxftn t d t±s mm? 51-54 

"7 -f tUB^J ; HI 7 t = 0 ) 6 . 



12 

*oaitn*i-JHji6-*- s * t*<d 7* u- * en to 
tzt&rs. i&nmrn t <im\mv^ivtt a i^e> 0 tcrrT 

tfSWMTS&S. jB3il«Flffltd43«fetf«if^iat. 
[0 0 4 3] *Jft*3bHt«fcfr, ^Mfc#*5isaie 
- *ffii£ < Tiffin fcfsft l ^ uT*n*> ea^tcji 

iTtf*cosRI»i:Lft. CfSfl] tt, 0 7 tc^TflsiJib 
[0 0 4 4] 



30 



40 



50 



(8) 
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0 

a ( t ) = . 



a (t d ) 



(t) = 



1 — c o 



a (t x ) 



- a 0 + a b ~ a t 



(t) = 



a 0 + a b ~ a t 



(t-t, ) 



14 
(1 1) 
(12) 

(13) 

(14) 

(15) 



a (t 9 ) = a n + a. 



a (t) = 

a (tg ) 



1 + C O S "I ( t — tg ) 



• • • (16) 

• • • (17) 

= 0 • • • (1 8) 

9 o : MSiJay ■< )vcDw\n&^rcmm (t =o) ox 
a b : &Sb7[s-*yiftc&*mibi''<)\'9Mb* (itJWi) 

a t : g»)7'L.-+ Vi/C«t^SlJB)U^Jl/tl-^ii(tt-»fS) 

3 t=3o + 3b 
- td+tr 

t2=td+t r +t c 
t3=td + t r + t c + t-f 



t d 

tr 
to 
tf 

tl 



[o o 4 5] mm mmm m& c t = o) 

»t4t)%9Jll^;l/ ( g ) ©-^«l»t±BEIi (MiW 

[0046] p^',ff!Rj*^i»ih ! Ki<oft. t &«, ftmmst&vo 
(Dmnmamitm (d = x 0 -xr) a, i^^sffiheg 40 

mnmmmtm (<i = x.-xf) x^ao, 

[0047] H7K^"rsiJI(i'^'n7>r;Ko:-^ai^ 



>i> vf - * fit a r , tM?iBt m t r , fft^Ht t f ts «fe tf affi 
2] ~ ciS5] tc^-rfe<7D*^e>ns 0 H7tc^ 

©tarsia vr£#*.t\ mm-?™ y -f^i^tsff 

[0 0 4 8] 0 7(c^-TfiJi!j7 p ay>i'^«, FnjTjPSOTj 

trwiB.n."d t /ikKvm^fr^^-^iv'i a < ^ u 

<=>SfWli"J t c <0|fliil?J3b U'Ol'* If - a t U 



(9) 
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15 



16 



xi) , (vo, viO fc^tfaot Mi^n7-f;l/*S 

^%>\WO>^*-$ t d, tr, t cfecfctf t f, 



4 a c 



-2 a 
a=Q (t* -t|) 



4 78 ' 



b = a r 



2 2 
c= v f -v 0 -a Q 



-Qt, 



(2t 



+ v 



10 



H.'ri/ij t d , troaupiiu t r, mm\iu t = fejirrawwrni t f 

[0 0 5 0] 
[»2] 

• • • (21) 

• • • (22) 

• • • (23) 



f z f ' 



0 



(2t , +t ) -2d 



+ t p ) 



(2 t. 



(24) 



(25) 



2 2 
v f -v 0 -a Q 



(2 t . +t ) +a 



(2 t d +t p ) 



(26) 



2d-v Q (2 t d + t r ) -v f t r -a 0 



(2t ^ +tr) -Qtg 



V f : saitsttSft 

d = X o - X t 

x o : § \mzfa -j )ua>an'& i,-tc.mm<n. 

X t : avm&m 



[0 0 5 1] tftta^ BTg»]ftU^a t *H£ttl-rS 
ftfto (#5(2) tt, W^WSftfcOEIB^xo^-OBai 

|."d t dft^fliiJflBj^/^^iPLA^^Oirilf^l^UT, 
,SIJHSfi^6if1'jfiB*im t rf£««l^/l^t°-^fii'[a t 
L , c <DI$jSfr 5 fc /£' * miJBb *j <*) iLT if ft mh L T , 



fgMB#W t f ^-^tUf, $'JKJ k?- ^ ffi a t. £f# £ 

WtC^Wfi ( t , = 2 sec: , t 1 = 4 sec ) % , f7 * ^ 



(10) 
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18 



Wii'i (td=o.2sec) ^ -r^/l/Miff (Wfl) 

fga^ t f «js < sijkj a t ass < u issifinue 
§ D astern t d< t d. ^ c=o.2sec)*^itgs^H t r 

[0 0 5 3] WSftffi^WiftU^l/at^fltmbfcil^ 

flaau^rt/OfSfWflH t c ^ftn^T (tr> o l 



b + Vb^ -4 a o 



-2 a 



d=100rru vo=80Km/h, a o = 0m/sc 
c 2 , ttd = 0sec, tr=4.8sec. tc=0sec, tr=4. 
8sec. a L =0.42g tWltiLfct^. ai=0.3gfcL 
T\ td^Osec, tr = lsec, tc=6.5sec. tr = lse 

[0 0 5 4] Wl2BifE«iE±tf f i£Ttf*cosBy»t:«SU 

*S±f L^IO, #fB (ai, td. tr, tctScfc 

[0 0 5 5] 
[»3] 

• • • (31) 



a = ( a t - a 



a 0 



(32) 



Q 



4% 2 



(33) 



b = < a t ~ a 0 } (v 0 +a 0 t d } 



(34) 



c=a t C a o t d — ^ 



f f 



2d] 



[0 0 5 6] 



4-2 (c 



t -a Q ) v 0 t d -a 0 2 t2 + vf-v 0 2 

40 



[»4] 



(35) 



50 



(11) 
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19 



20 



b+Vb 2 -4 a c 
- 2 a 



(41) 



a =-Qa1 



(42) 



Q=^ f- 

4 tu Z 



(43) 



b = a t v f 



(44) 



c = a r 



(a t ~ a Q^ 2 
4 



T l- Qa t fc r~ v 0 T l 



+ a t [Qa t t J + v Q T 1 -2d] H-v^-Vq 



(45) 



T 1 =2t d +t r 



(46) 



[0 0 5 7] 



[»5] 



30 



40 



50 



(12) 
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21 



22 



b + 



-4 a c 



2 a 



(51) 



= a 0 (a t -a Q ) 



(52) 



b= < a t -a 0 } (a 0 t r +2v 0 ) 



(53) 



(a t ~ a 0 ) , 



Qa t fc r _v 0 t r 



+ a t [Qa t T 2 +v f t f + v Q t p -2d] +V 



(54) 



4 % z 



(55) 



V= V £ — V Q 



(56) 



2 2 
T 2= t r- t f 



(57) 



a 0 =0ffiil^l±. 



_ 1_ 

2v, 



2 2 

2d-v Q t r -v £ t f Q Qa t (t r -t f ) 



(58) 



[0 0 5 8] 



C«6] 

2(v f -v Q )-a t (t r +t f )-a 0 (2t d +t p ) 

2 



(61) 



-r*ft«>K:iBa«pra t r^maM^ t f<D&m*m< 

£\ fliijaft^X-r-A (3 0+ 5 1— 5 4) oy t \mhtfat}\H 
[0 0 6 0] |3iC, r^WSiMSfbJ (6) ©i*J^£: so 



CtUd^^7l/"«J»F,CUl 0 (©CP 
U) tt. B^$8A^fx7?t5 (2 1) o n 

CD fc #> <D g m®\m&$Zfc L T 1/^5 (SJfttt BH*6 LT^& 

ty) i^x^m (22) o f^fr^ 

»ECU 1 OeOrtftP^^EUtCW^aTfcU^X^C Pfc: 

^X^CPCi^fM (23) , SJfi] a ,^rI3 
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24 



[0 0 6 1 ] H 5 



(2 4) <DF*3 

^fsto cc-etisr, ifi'JiSIWS ( rij ) * 

♦jAtyfc^cOU^X^ n v a t&ZVTLT (7 1). 

^l/at (|7i(Oab+aodB3t^I) 
(7 2) o CCtlt tr*5cfc 
t flcti**ftffi<D^:7*;bhfiI ( t r = 2 sec , t f = 

4ser ) ^T^X.. LdtCtig/hfiS t dmin ( = 0.2sec) 

[0 0 6 2] yU-*fl3JWE C U 1 Oti^tfC, Sttl/c 

ssaffit-r sfca&fcu td, tr*5cttftf*i 

X^^y/jN^vMBt-MSfbT. Mia [»2] W£^t. 

s^muaft a r ^weea u ^n^s&fii t ft o 

a t tffi* 5 n £ 3: T C ft £«B*r #\ * £>|ffl lc % 

ig^RS t rXttfflcWBflffl t f tfTPBffi t. r-min Xfcfc t fm in 

n v a t tC«jA/u^ (83). H3t/fxt rjRSlSMBlJ 

(57) icmtso affirm td^gfiffltd-in (=o.2 Se 
c) *^<_ft£^. Bfafatdmin ic&wjs^rs (7 
9, 8 0) t\ r^sijaj (57) tcciits&v^o 
[0063] tmmm ir&^m&ffimm t f <Di,^rft*> 

"FKBflft t r.i.1 , tf»i« frO. |" i tSft3j!B!l U^l/ 3 c 

&#£JMuL &cft&£. fSRf^FH t.c«r3e«>«/£:«>^ 0 
3<0 rt. t *iS^J (2 6) tC}tfr 0 
[0064] 0 6^ C(D T t c^rfS^J (26) <Dfa 
g^^to cc-etiSf, SK%fM»BfiS?B ( r i j ) * 
£i£tf;fea6<Z)L'> ? X# n v t c*^'J7LT (91). 

s i mm «Kffii£is*«Wc) : a 

tH2^« (f£M^fflit«) : a 
g3S« W«ilJg8l«) : a 
iC4«I« dfS«aiiaffi«) : 3 

[0 0 6 9] gfflSJftU^at*' 5 . Jf(DS«lC$5A> 

stttffs < . s 2 - s mm t m&^UiM&mmc & s 
a. 

^fflfPH C U 1 Ott, (Sfip^lfflLr=0*l8:^L (3 

2) , ^oBjicftM-rs^fifttd, tr, tfK»j£-ra 
mawjiBiu^i/at*, [»2] fcfieoTwau (3 

3) . BffiLfcHWSJftU^l/aLfc^eO^cftJf-r* 



Mia as6] rtfot, «sf«pm Lr*imi-r* (9 
2) o L^m iis»i/^a t> aicwfiftitd, m 
$mm t rfc<fctffi««fm t f a, c cit^itfs 

ffl^iPJSaaott, XT-^7°4T^;b~XMt»E c u 1 

[0 0 6 5] 7U-**J»E CU 1 Ott^tC, fStHbfc 
MfBtP^ t r^a&ffi-Tftfc^ 0tt±Offit?feS^Sr^- 
x-y^-TS (93)o {Stc^M (fttfD * 
10 $jffi£t"£/c#>^ Ld, l r$5&Zf l f€r l X-rw:Ah 
*Wlfl*CiK«fbT, iMdE [«2] fcfit^T, I i«iJ!Bilb 
^;l/a tSr^ia^tBU *n*^jSftfiai:ftofc^5:^x 
>y^T£ (9 4-1 0 2) o =&afltaDa«»J»U^;l/a 

t rXttfiM^FH t f ^Tffiffi t rmin X« t fm in *«^ft 

^fnSmt&X, IPSfillWi!lB«^n*U^*n v t c 
(10 5). H3tC^:-r r^#.$ijfjjj (5 

7) &ciifr 0 affi^pra iri*u«i.in *«{cft^^. t 
20 dm i„ sfifMiSfirrs (79, so) ^ rsR^MBbj (5 

7) ^^iffi^ftU^ 

[0 0 6 6] »[fflLfeB«»Ji!lU^ai*^a«T* 

stBfi. Mia c»6] tcfiEoT, ««p«pmtc*nu 

«(103) o *LT»tHUfc«fiF«fratcft^5!!lfil 
t$5fr*fx7^U (10 4) . ff.?AfflT$>§<h. 
Sfc. «3»WfM t r *5j:tfflSWNFM t fOfiS (9 4, 9 

5) vLTcomm&'n ft a o 

[0 0 6 7] Wttibft«lf«FHI Lr*^»«T**i:, 
i4^tXf7 7 2 8lcm^ IIWIIIJflBlL/^l/a 

30 fllt^'ll^tU^^ a max / 4, a max / 2 , 3 a max 

/ 4 43 ± OF a <nax T*EiB s n a 5 ««« 0 vT tlfc 
5^?fx7^t5 (2 8 — 3 1) o ft4b\ C(0»J 

T^. amax ^— 0. 3gt$5o 
[0 0 6 8] 

a, ix 

,ax / 4 ^Ji^'O a max / 2 W±, 

ma x / 2*86*^0 3 a ma x /4W±, 

a max / 4 ^Sj^^ a max 

40 Sfifitr, trtcWlS'rsiHEWFmtd* Cm 5) tcf^o 
Tg:dbb (3 4) . ccumwMWiU^^ai^zm 
»«o/c^x7^Lt (35) . ^a<h. smm 

Bl/^l/at^ Si U^l/a«x /4 tcMtrfS^t"^ 

(3 9) o ^-LT. gHMl)!jU^^a E = a ma x / 4KN 
JSfSiEffi^FH tdSrSU-ff-TS (4 0) o fbt, 

rt c^s^j (4 i ; rtst±H6fc|wii:) ^r^ffb 

so 7°4 2£;I1T. CC^Tic^LH, S^*5lHi^SLfc 



25 

{[/Ltd, t.-, at, t ctS&Z? t f£\ ;iiiJiK]7 0 P7^;I/^ 
'^46 (36) . ifliSB*!!)] t r <£>|ttjtc ab=at-aoft*S 
iSJfi^ril-Bf £ fcibo^M$m7 U-^Oifffi^a — r -f fit 
^cttffgMBtS t r<DH*c«»fi**lc;ftW %fc*b<D 
*i(i^l^-*oWEE^-^Yffl*«fmoBB»4: ITS 

**tt*K±**lK:ffffl bftt^\ S'JiA^^^U-^ft 
ffl^iafciBtf»i^t-S*a«BlBffi«:IJfiJ6^* (3 7) o 

[0 0 7 0] Xf77°3 5^x7^T\ I- 10 
;ba ttfama* /4i^±T^o/c^^(Cti, ^7Vl/~^- 
V 3 3 -VWm b fc B SSJft a t ^MlT 3 C t ft 

HJLfcfltd, tr, at, t c = Ofccfetf t SiJKT" 
n:7^;l/«h^46 (3 6) , J#&l$fffl t r ©KUc ab== a t 
- aoST?Wa«*iE±tfSfc460*II^L/-*©*ffi 
r'aL— r>rfiH3cJ:tffi«^FBB t f OKIfcirt&S^*te3i 

[JSB&fcbTBLttibT. ^U-*i*ftSt>^n7-r;l/i:LT 
iSii£U BSKfiB^td^^^T*^^- h bSJJttiWEE* 20 
Bi*t5 (3 7) 0 

fflfctBEKHSffc* d = xo-xi=100 mT$>o fctIS\ 
©JiftU^;l/ a tJ4, fflMvo (IEb<ttvo-vf) &C 
fcfJSLT, H8±?X at^a™x /4©«a«fC^ 4 r*^ 

2. BWSJftU^l/atA^SBZWWcfeai:* : 7>- 
^SiJfflJECU 1 (Hi. aaSlJftU^I/ac*. S2b^ 
;l/a max /2lCi&Airr* (4 3) o *LT, ±,E 1 . 

<?X ailc^ 1 l^;l/a«ax /M£^bfc£££Hfit so 
tc. «ffi«FH t d %WW-» L (4 0), ffif^tc^I 
tfib (4 1). »fflLftfiSfip«HBt»:^OW±bA^fe 

46 (3 6) , ^U-^Jft^S^n^Y^IS^L^PSfji 
^ t Yv^X^ - h LtWiJEWt^ (3 
7) o 

3. B«»J»U-^;l/atA^3«Wc*Si:* : 7U- 
^'liiJW ECU 1 Oil I a t «\ Jfi 3 b^ 
;b3 a max /4*C,aAi£"r* (44) 0 fit, _t,iB 1 . 

o\ a ticS 1 U^Ua-ax /4J&K£Lfci:S£lRiaS 40 
tc. aSE^HtdSrffftWL (4 0), «fif«fBBtc*» 
ffll (41) , »WLftffi^Ht c ^0K±Lfrt 

t r, t f«tcTRBfiU^±T*Si:, 6J17o7 >r;l/«r^ 
46 (3 6) . 7>-«ffi7°n7 -ryl/*»5£bll*BBffi 
t d^^v^X^ - h LTWaB*iff«rBBji6'r* (3 

7) o 

4. I |«»U^l/atM4Bi«lc*5i:? : 71/- 
^fliiJW ECU10H, I t^fli'i® b-Ob a t £\ 4 b^ 
;l/a»ax ICg^TS (4 5) o fit, ±H21. at 
tdtgl U^;ba,nax /4*i^Lfcfc*fcR«fc, SIS 50 
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H#ratd^sit»L (40) , mmmicttm&i, (4 

l) . oabfc«f#H#|IBtc*«0W_hL<Pt>tr, tf« 
JcTKfiffi^^ftSfc, [|i«7P> r ^;l/^:/i£46 (3 
6) . 7U-*^»7u^>r;l/*^b«FPSffl^td 
(O^^V^X^ - h LT»^r«t§ (3 7) o 

5. B*SlifiU^l/ai^5|5«i«^a&*i:* : ^<om 
5 5S»ifil3»*a*WKffft-5fc«)fCr4. 
*ftSMBtfj**M5i:U SftftJftOSRSitttfiKi/^ bfr 
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